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1
HIGH PERFORMANCE III-NITRIDE POWER
DEVICE

This is a continuation of application Ser. No. 13/901,016
filed May 23, 2013, which itself is a continuation of U.S.
patent application Ser. No. 13/160,211, filed Jun. 14, 2011,
now U.S. Pat. No. 8,450,721, which is a continuation of U.S.
patent application Ser. No. 11/702,727, filed Feb. 6, 2007,
now U.S. Pat. No. 7,973,304. The disclosures in the above-
referenced patents and patent applications are hereby incor-
porated fully by reference into the present application.

DEFINITION

III-nitride as used herein refers to a semiconductor alloy
from the InAlGaN system that includes at least Nitrogen and
another alloying element from group III. Examples of a
III-nitride alloy are AIN, GaN, AlGaN, InGaN, InAlGaN, or
any combination that includes nitrogen and at least one
element from group III.

BACKGROUND OF THE INVENTION

The present invention relates to a process for fabricating
a power semiconductor device and more particularly a
III-nitride power semiconductor device.

A well known II-nitride power semiconductor device
includes a substrate, a Ill-nitride transition layer, and a
heterojunction I1I-nitride device over the transition layer. It
is also well known to have an insulated gate over the
heterojunction. The insulated gate includes a gate dielectric
and a gate electrode.

During the fabrication of a IIl-nitride device it may be
necessary to deposit an etch stop body and selectively
remove the etch stop body to make an opening for a gate
electrode over the gate dielectric. It is difficult to remove the
etch stop body completely without damaging the gate dielec-
tric. Consequently, residual etch stop material may be left
over the gate dielectric which may cause undesirable inter-
face states that cause variations in the pinch off or threshold
voltage.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a gated
III-nitride device and a process for the fabrication of a
device which does not suffer from the drawbacks of the prior
art.

A l-nitride power semiconductor device according to the
present invention includes a Ill-nitride active heterojunc-
tion; a gate insulation body over the active heterojunction; a
barrier body over the gate insulation body; a gate conductive
body formed over the barrier body; a first power electrode
coupled to the active heterojunction; and a second power
electrode coupled to the active heterojunction.

One preferred material for the barrier body is TiN. The
barrier body may, however, be composed of Ta, W, Si, Mo,
Cr, Co, Pd or an alloy from one of the following systems,
TiSiN, TaN, TaSiN, WN, WSIN, and WBN.

A method for fabricating a Ill-nitride semiconductor
device according to the present invention includes forming
a gate dielectric body on a Ill-nitride multi-layer body, the
II-nitride multi-layer body including an active II-nitride
heterojunction; forming a barrier body over the gate dielec-
tric body; and forming a gate conductive body over the gate
barrier body.
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Once the gate conductive body is formed, a rapid thermal
anneal is applied. The barrier body is selected to protect the
gate dielectric during processing, and to prevent the diffu-
sion of material forming the gate conductive body into the
gate dielectric.

The use of a barrier body provides for a consistent
pinch-off or threshold voltage (Vth), low drain-source leak-
age, reduced mask count and processing steps, improved
scalability, process simplification, and alignment accuracy.

In a [I-nitride power semiconductor device according the
second embodiment of the present invention, the corners of
each power electrode are stuffed with a thin insulation to
improve the contact resistance thereof. Thus, in a device
according to the second embodiment, each field insulation
body adjacent a power electrode includes a lip portion which
extends below the power electrode, thereby stuffing the
corners thereof. Note that the improvement set forth in the
second embodiment may be implemented without a barrier
body and still achieve the advantages set forth herein.

Other features and advantages of the present invention
will become apparent from the following description of the
invention which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a cross-sectional view of a III-nitride
device according to the first embodiment of the present
invention.

FIG. 1B illustrates a cross-sectional view of a III-nitride
device according to the second embodiment of the present
invention.

FIG. 1C illustrates a cross-sectional view of a III-nitride
device according to a variation of the second embodiment.

FIGS. 2-4 illustrate selected steps in the process for
fabrication of a III-nitride device according to first embodi-
ment of the present invention.

FIGS. 5-7 illustrate selected steps in the process for
fabrication of a IlI-nitride device according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE FIGURES

Referring to FIG. 1A, a Ill-nitride power semiconductor
device according to the first embodiment of the present
invention includes IlI-nitride multilayer body 21 formed on
a substrate 20. Substrate 20 is preferably formed of silicon,
but may be formed of SiC, Sapphire or a IlI-nitride semi-
conductor such as GaN. Multilayer body 21 includes a
III-nitride active heterojunction 21A. Active heterojunction
21A includes Ill-nitride barrier layer 21B (e.g. AlGaN)
formed on a Ill-nitride channel layer 21C (e.g. GaN). As is
well known, the thickness and composition of barrier layer
21B and channel layer 21C are selected so that a two-
dimensional electron gas (2DEG) is formed in channel layer
21C close to the heterojunction of layer 21B and layer 21C.
The current in the device is conducted through the 2DEG.
Note that for the sake of simplicity the heterojunction is not
specifically illustrated in the remaining figures, but it should
be understood that each multilayer 21 includes a IIl-nitride
heterojunction as described herein. Further note that III-
nitride multilayer 21 may include a Ill-nitride transition
layer (e.g. formed with AIN), and a III-nitride buffer layer
(e.g. GaN layer) disposed between substrate 20 and hetero-
junction 21A, when for example, substrate 20 is non-native
(i.e. is not from the I1I-nitride semiconductor system) to the
III-nitride system. For example, when silicon is used as a
substrate material.
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A device according to the present invention further
includes a first power electrode 30 (e.g. source electrode)
coupled ohmically to heterojunction 21B and second power
electrode 30' (e.g. drain electrode) coupled ohmically to
heterojunction 21A whereby current may be conducted
between electrode 30, 30' through the 2DEG. A gate dielec-
tric body 27 is disposed over heterojunction 21A through
which gate conductive body 35 can be capacitively coupled
to the 2DEG in order to interrupt (depletion mode) or restore
(enhancement mode) the same depending on the type of
device.

According to an aspect of the present invention, a barrier
body 40 is disposed between gate conductive body 35 and
gate dielectric 27. Barrier body 40 and gate conductive body
35 are both electrically conductive, and together form the
gate electrode of the device. One preferred material for
barrier body 40 is TiN. Barrier body 40 may, however, be
composed of Ta, W, Si, Mo, Cr, Co, Pd or an alloy from one
of the following alloy systems, TiSiN, TaN, TaSiN, WN,
WSIN, and WBN.

A device according to the preferred embodiment further
includes field dielectric bodies 25. Each field dielectric is
disposed between a power electrode 30, 30' and gate con-
ductive body 35. As illustrated field dielectric body 25 is
thicker than gate dielectric 27. Also, in the preferred
embodiment barrier body 40 extends from gate dielectric 27
along a field dielectric body 25 and over a portion thereof.
Gate conductive body 35 also extends over the portion of
barrier body 40 that is extended over a field dielectric body
25. Note that each electrode 30, 30' also rises along adja-
cently disposed field dielectric bodies 25 and over a portion
thereof. Optionally, barrier bodies 40 are tucked under
portions of electrodes 30, 30" each between a field dielectric
body 25 and a portion of an electrode 30, 30"

Referring now to FIG. 1B, according to another embodi-
ment of the present invention, each field dielectric bodies 25
adjacent an electrode (e.g. electrodes 30) can include a lip
portion 25a extending from a sidewall thereof toward the
electrode. A barrier body 40 can then extend from over a lip
25a along the sidewall of field dielectric 25 to a position
under that portion of the electrode that is over the field
dielectric. Note that the distance a between the sidewalls of
field dielectric bodies 25 is wider than the distance b
between the ends of lip portions 25a.

Referring to FIG. 1C, in which like numerals identify like
features from the previous embodiment, a variation of a
device according to the second embodiment does not include
barrier body 40.

Referring now to FIGS. 2-4, to fabricate a device accord-
ing to the first embodiment, first a thick field dielectric layer
is formed on a multilayer 21 that is present over a substrate
20. The field dielectric layer may be formed with SiO,,
Si;N,, or the like material which may be deposited on
multilayer 21. After its deposition, the field dielectric layer
is patterned to include openings 26 therein in any desired
manner. Note that the patterning of the field dielectric layer
results in the formation of field dielectric bodies 25. After
openings 26 are formed, gate dielectric bodies 27 are formed
at the bottom of each opening over multilayer 21. Gate
dielectric bodies 27 may be formed with SiO,, Si;N,, or the
like and formed through deposition or the like process.

Next, barrier body 40 (e.g. TiN) is deposited to line field
dielectric bodies 25, and gate dielectric bodies 27 as illus-
trated by FIG. 3. Barrier body 40 may be deposited using
any desired method such as sputtering, chemical vapor
deposition, e-beam evaporation, atomic layer deposition, or
the like. Thereafter, as illustrated by FIG. 4, openings 29 are
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formed to extend through barrier body 40, and field insula-
tion bodies 25 thereunder. Each opening 29 is for receiving
a power electrode, e.g., power electrode 30, 30'.

Next, an appropriate material (e.g. aluminum) layer is
deposited over the arrangement shown by FIG. 4, patterned
and then the arrangement is subjected to a rapid thermal
anneal (RTA) to obtain a device according to the first
embodiment of the present invention as illustrated by FIG.
1A. Note that barrier body 40 is selected to be thermally
stable during the RTA. Also, advantageously barrier body 40
prevents the diffusion of material from gate conductive body
into gate dielectric bodies 27.

Referring now to FIGS. 5-7, alternatively, openings 29 are
made in the field dielectric layer at the same time as
openings 26 are made. Thereafter, an insulation body for
forming lips 254 is formed at the bottom of openings 29 at
the same time gate dielectric bodies 27 are formed followed
by the formation of barrier layer 40. Barrier layer 40 and a
portion of dielectric 254 are then removed from the bottom
of opening 29 resulting in lips 25a¢ and barrier body 40
formed thereover. A suitable material (e.g. aluminum) layer
is then deposited over the structure shown by FIG. 6, and
patterned to obtain a device according to the second embodi-
ment as illustrated by FIG. 1B

To obtain a device according to the variation illustrated by
FIG. 1C, the formation of barrier body 40 may be eliminated
from the process illustrated by FIGS. 5-7. In all other
respects, a process for obtaining a device according to FIG.
1C is the same as the process described above for the second
embodiment of the present invention.

In a device according to the second embodiment, having
a thick field dielectric adjacent the gate conductive body
reduces the gate charge (similar to the first embodiment),
while having a thin dielectric (dielectric lips 25q) result in
low ohmic contact resistance. Note that a device according
to the second embodiment may be devised without a barrier
layer 40, but still include the advantage of having low ohmic
contact resistance.

It should be noted that while in the preferred embodiment
disclosed herein lips 25a may have the same thickness as the
gate dielectric of the device, from a functionality perspective
lips 25a are only required to be thinner than the field
insulation bodies. Moreover, while it is preferred to have lips
25a of uniform thickness, lips 25¢ do not need to have a
uniform thickness to be within the scope of the present
invention.

Furthermore, while it is preferred to form gate conductive
body 35, and power electrodes 30,30' from a metal such as
aluminum, it is also possible to form gate conductive body
35 from one of N+ GaN, Si, Ge, P+ GaN, and a combination
of N+GaN and a metal body.

Heavily doped sputter deposited GaN can form a good
ohmic contact and may be used as a part of power electrodes
30,30'. A sputter deposited heavily doped GaN, when used
as a gate conductive body, would allow for the integration of
a process for forming good ohmic contact for the power
electrodes and a conductive gate body. As a further enhance-
ment, a metal body such as an aluminum body formed atop
the heavily doped GaN ohmic electrodes or heavily doped
GaN gate conductive body could further shunt the resistance
thereof.

Although the present invention has been described in
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
apparent to those skilled in the art. It is preferred, therefore,
that the present invention be limited not by the specific
disclosure herein, but only by the appended claims.
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What is claimed is:

1. A IlI-nitride power semiconductor device comprising:

a [II-nitride heterojunction;

a substrate supporting said heterojunction, said substrate

being selected from the group consisting of silicon,
SiC, a IllI-nitride semiconductor, and sapphire;

a gate insulation body over said heterojunction;

a barrier body over said gate insulation body, said barrier
body being selected from the group consisting of Ta, W,
Si, Mo, Cr, Co, Pd, TiSiN, TaN, TaSiN, WN, WSiN,
and WBN;

a gate body over said barrier body, said gate body and said

barrier body forming a gate electrode;

first and second electrodes coupled to said heterojunction;

a field insulation body disposed between said first elec-

trode and said gate electrode; and

a portion of said first electrode overlying said field

insulation body.

2. The I-nitride power semiconductor device of claim 1,
wherein said gate insulation body comprises silicon dioxide.

3. The [I-nitride power semiconductor device of claim 1,
wherein said gate insulation body comprises silicon nitride.

4. The I-nitride power semiconductor device of claim 1,
wherein said field insulation body is thicker than said gate
insulation body.

5. The lI-nitride power semiconductor device of claim 1,
wherein said field insulation body is disposed between said
second electrode and said gate electrode.

6. The I1I-nitride power semiconductor device of claim 1,
wherein said field insulation body comprises silicon dioxide.

7. The lI-nitride power semiconductor device of claim 1,
wherein said barrier body extends from said gate insulation
body over a portion of said field insulation body.

8. The II-nitride power semiconductor device of claim 1,
wherein said heterojunction includes a Ill-nitride channel
layer, and a Ill-nitride barrier layer on said II-nitride
channel layer.
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9. The II-nitride power semiconductor device of claim 8,
wherein said III-nitride channel layer comprises GaN, and
said II-nitride barrier layer comprises AlGaN.

10. A [II-nitride power semiconductor device comprising:

a [1I-nitride heterojunction;

a gate insulation body over said heterojunction;

a barrier body over said gate insulation body, said barrier
body being selected from the group consisting of Ta, W,
Si, Mo, Cr, Co, Pd, TiSiN, TaN, TaSiN, WN, WSiN,
and WBN;

a gate body over said barrier body, said gate body and said
barrier body forming a gate electrode, said gate body
being selected from the group consisting of N+ GaN,
Si, Ge, P+ GaN, and a metal;

first and second electrodes coupled to said heterojunction;

a field insulation body disposed between said first elec-
trode and said gate electrode; and

a portion of said first electrode overlying said field
insulation body.

11. The III-nitride power semiconductor device of claim
10, wherein said gate insulation body comprises silicon
dioxide.

12. The I1I-nitride power semiconductor device of claim
10, wherein said gate insulation body comprises silicon
nitride.

13. The I1I-nitride power semiconductor device of claim
10, wherein said field insulation body is thicker than said
gate insulation body.

14. The I1I-nitride power semiconductor device of claim
10, wherein said field insulation body is disposed between
said second electrode and said gate electrode.

15. The I1I-nitride power semiconductor device of claim
10, wherein said field insulation body comprises silicon
dioxide.

16. The I1I-nitride power semiconductor device of claim
10, wherein said barrier body extends from said gate insu-
lation body over a portion of said field insulation body.
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